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Japmiese P&tent Application No. 2002-310876 
SPEaFICATlON 

Title of the Invention 

MULTIBAND DIPLEXER CIRCUIT 

B 

1 , A multiband ^plexer circuit comprising: 
a single-pole-dusfl-fbrough switch; 

a first unbalancded-input-balanced-output bandpass filter connected 

to a first output port of said first switch; 
10 a second unbalatjcded-input-balanced-output bandpass filter 

connected to a second output port of said switch; 

a second dual-pole-sjugje-through switch coimected to one of 

balanced oulput ports of said first bandpass filter and one of balanced 

output ports of said second bandpass filter; 
15 a third dual-poie-single-tihrough switch connected to the other of 

balanced output poils of said first bandpass filter and Ihe other of balanced 

output poriB of said second pass band filter; 

said first to third high-fi:equeney switches being switched depending on a 
passing high-frequency signal, 
20 whereby an unbalanced high-fi:equency signal input into said first 

switch is output &om said output ports of said second and third switches as 
a balanced high fi-equency signal. 

2 , The multiband i^plexer circuit according to claira 1, wherein said 
first and second band filters have different transnntting fi:equency bands to 

25 each other. 

3, A multiband diplexer circuit comprising: 

a first unbalanced-input-balaaced-output bandpass filter; 

a second unbalanced-input-balanced-output bandpass filter having a 

different transmitting frequency bjand from said first bandpass filter; 
■1- 
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a fet phase shifter connected io an luibalanced input port of said 
jQrsthanspass filter; 

a second phase shifter connected to an unbalaaced in|mt peat of said 
second hanspass filter, 
5 a third phase shifter connected to one of balanced output ports of 

said first banspass filter; 

a fourth phase shifter connected to ihe olher of balanced output 
ports of said first banspass filter; 

a fifth phase shifter connected to one of balanced output ports of 
10 said second banspass filter; 

a sixth phase shifter connected to the other of balanced output ports 
of said second banspass filter; 

connecting in parallel one of said phase shifteis connected to said first 
bandpass filte^r and one of said phase shifters connected to said second 

15 bandpass filter so as to connect to a first ou^t port; 

connecting in parallel the other of said phase shifters connected to said first 
bandpass filter and the other of said phase shifters connected to said second 
bandpass filter so as to connect to a second output port, 
connecting in parallel said first and second phase shifters so as to connect 

20 to an input poxtj 

connecting said first, third and fourth phase shifters to said fii^ bandpass 
filter so tiiat impedance is high in tibie transrnitting frequency band of said 
second bandpass filtegr, and 

connecting said second, fifth and six phase shifters to said second ban<|pass 
25 filter so that impedance is high in the transmitting fiiequency band of said 
first barw^ass filter, 

whereby an unbalaqnced high-frequency signal input into an input 
port is output from said first and second output ports as a balanced 

-2' 
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high-frequeney signal. 

4 A nmltiband diplexer circuit conoprisiug: 
a fibrst single-pole-dual-tkrougji switch; 
a first unbalanced-input-balanced-outpiit bandpass filter connected 
a to a first output port of said first switch; 

a second unbalanced-input-baimced-output bandpass jSiter 
connected io a s^ond oul|iut port of said switch; 

a third phase shifter connected to one of balanced output ports of 
said first banspass filter, 
10 a forth phase shifter connected to the other of balanced output ports 

of said first banspass filter, 

a fi fth phase shifter connected to one of balanced output ports of 
said second banspass filter, 

a sixth phase shifter eonneated to the other of balanced output ports 
15 of said second banspass filter, 

connecting in parallel one of said phase shifters connected to said first 
b^dpass filter and one of said phase shifters connected to said second 
bandpass filter so as to connect to a fn-st output terminal, 
connecting in parallel the other of said phs^e shifters connected to said fii^t 
20 bandpa^ filter and the other of said phase shifters connected to said second 
bandpass filter so as to coanect to a second output port, 
connecting said third and fourth phase shifters to said first bandpass filter 
so that in^edance is high in the transmittuig fteq[uency band of said second 
ban<^ass filter, 

25 connecting said fifth and sixth phase shifters to said second bandpass filter 
so that impedance is high in &e trammitdiig ftequency band of said first 

bandpass filter, and 

said first switch being switched depending on a passing high-frequency 
■3- 
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sigaal, 

whereby an unbalaquced high-frequency signal input into said firet 
switch is output Grom said first and second output ports as a balanced 
high-frequency signal. 
5 5. A multiband diplexer circuit comprising: 

a first unbalanced-input-balanced-output bandpass filter; 

a second unbalanced-input-balanced-output bandpass filter having a 
different transmitting frequency band from said first bandpass filter; 

a first phase shifter connected to an unbaltoced-input port of said 
10 first bandpaas filter; 

a second phase shifter connected to an unbalanced-input port of said 
second bandpass filter; 

a second dual-pole-single-through switch connected to one of 
balanced-output ports of said first banc^ass filter and one of 
15 balanced-output porte of said second bandpass filter; 

a third dual-pole-single-through switch connected to &e other of 
balanced-output ports of said first bandpass filter and the ofhea: of 
balanced-output ports of said second banc^ass filter, 
cotmecting in paralld send first and second phase shifters so as to conaect 
ZQ to an input port, 

connecting said first phase shifter to said first bandpass filter so that 
impedance is high in the transmitting frequency band of said second 
bandpass filter, 

connecting said second phase shifter to said second bandpass filter so that 
25 impedance is high in the transmitting frequency band of said first bandpass 
filt©-, and 

said second and third switches being switched depending on a passing 
high-frequency signal, 

•4- 
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whereby m unbalanced Mgh-firequency signal inpiut into an input 
port i$ output irom the second and third output ports as a balanced 
hi^-fiequency signal. 

6. The raultiband diplexer eircuit according to any one of claims 1 to 5 , 
5 wherein said first and second unbalanced-balanced bandpass filters have 

different input impedance Zi and output impedance Zo, and the output 

impedance Zo is larger than the input impedance Zi. 

7 . Hue multiband diplexer circuit according to any one of claims 1 to 6, 

wherein said bandpass filter is a SAW JEUter, 
10 8 . A multiband diplexer circuit, wherein at least part of said multiband 

filter circuit recited in any one of claims 1 to 7 is constituted by electrode 

patterns formed on ceramic substrates and bandpass filters either mounted 

on ceramic substrates or formai by electrode patterns on said cemmic 

Substrates. 

15 9, A multiband mobile phone comprising a high-frequency circuit 
con^rising the multiband diplexer circuit recited in any one of claims 1-7. 



■5- 
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DETAILED DESCRJPTION OF THE INVENTION 

[0001] 

Field of the Inveatioii 

Tlie present invention relates to an unbalanced-balanced multLband 
5 diplexer cirpuit iisable m RF circuits for multiband communications 
devices such as mobile phones, etc. liiat can be used in different access 
systems, 
[0002] 
Prior Art 

xo There are various access systems in mobile phones in the world, 

and phiralities of access systems are simultaneously used in title same areas. 
One of the access systems mainly used at present is, for instance, a TDMA 
(Time Division Multiple Access) system. Main communications systems 
using this TDMA system include PDC (Personal Digital Cellular) in Japan, 

15 GSM (Global System for Mobile Communications) and PCS1800 (Digital 
Cellular System ISOO) mainly used in Euro|)e, PCS (Personal 
Communications Service) mainly used in the U.S. etc. 
[0003] 

Another access system that has recently become popular in the U.S. 

20 and Korea is a CDMA (Code Division Multiple Access) system. IS -95 
(Interim Standard-95) is mainly used in the U.S. as a typical standard in the 
frequency band of PCS (Personal Coromunit^tioGs Service). In addition, 
W-CDMA (Wideband CDMA), a third-generation cojumunications system, 
which cati achieve high-speed data transmission, has been put into practical 

26 use. 
[0004] 

Conventional mobile phones are designed for one communications 
system, for instance, GSM. However, because of recent increase in the 
•6- 
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number of users and far the convenience of users , pluralities of 
commiuiications or access systems applicable to dual-band or triple-band 
mobile phones were proposed, and there is also demand to quatro-band 
mobile phones. If high-frequency parts were simply mounted in every 

5 communications systems in the high-frequency circuits of such multiband 
mobile phones, the high-frequency circuits would be inevitably large. For 
miniaturization, common high-frequency parts have been used more and 
more in different communications systems. One example thereof is a 
diplexer circuit comprising a common high-frequency part for differeait 

10 communications systems. For instance, Patent Literature 1 discloses a 
two-frequency diplexer 200 having passbands of 950 MHz and 1 .9 GHz, 
which comprises bandpass filters 20a, 20b and phase shifters 40a, 40b, 70a, 
70b, as ^own in the equivalent circuit of Fig. 7. 
[0005] 

15 [Patent Literature 1] Japanese Patent Laid-Open No. 8-321738 

[0006] 

Problems to be solved by the Invention 

However, it has been found that fee use of such a diplexer circuit 
for the high-frequency circuits of multiband mobile phones causes several 
20 problems. A high-frequency circuit for a multibaiid mobile phone is 
constitutes! by conventional diplexer cmmit 200 in a transmitting circuit 
and a receiving circuit, as shown in Fig. 8. Fig. 8 shows a high-frequency 
circuit for a dual-band mobile phone applicable to two communications 
systems of GSM850 (transmitting frequency: 824-849 MHz, receiving 
25 frequency; 869-894 MHz) and GSM900 (transmitting fluency: 880-91 5 
MHz, receiving frequency: 925-960 MHz). 

To reduce a noise index and increase a receiving sensitivity, the 
receiving circuit comprises balanced high-frequency parts (low-noise 
•7- 
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amplifier 266, mixer 268, ete.) comprising two signal lines. Accordingly, 
ttie cojinection of sai4 hi^-j&equeaicy parts to 4 low-noise amplifier meeds 
a balanced-'to-iuibatanced transfonner. In addition, the input impedaace 
of said low-noise amplifier 266 is set at about 50 to 300 Q, needing an 

5 impedance conversion circuit. It is thus considered to use 

balanced-to-unbalanced transformers (baluns) 262, 263 as cixcmX elements 
having the fimctiorus of a balanced-to-unbalanced tFansformer and an 
in^edance eonveision circuit. However, this increases the number of 
circuit elements in the high-frequency cireuit, and an insertion loss of about 

10 1 dB is added from the balun in a frequency band of the operating 
high-frequency signal As a result, to obtain a desired gain in the 
low-hoise amplifier 266, an excess Mas current should be added to ^e . , 
amplifying element, resulting in increase in the battery consumption of 
mobile phones. 

15 [0007] 

In a high-frequency circuit of a TOMA system, the switching of 
connection between an antenna 269 and transmitting/receiving cu-cuits is 
generally conducted by a switch circuit 264. In this switch circuit 264, 
QaAs TWTs and diodes are used as switching elements. In such switch 

20 circuit, a high-frequency signal leaks to the level of about 20-30 dB 
(isolation) between the transmitting circmt a»d the recei\Tng circuit 
Accordingly, there is the leak of a high-frequency signal to the other 
circuits, if slightly. 

For instance, when extremely close frequency bands are used in 

25 different communications systems, for instance, of GSM8 50 and GSM900, 
or PCS 1800 and PCS, a receiving frequency band and a transmitting 
frequency band partially overlap. When communications are carried out 
by GSM900, for instance, part of the high-frequency signal is leaked from 

-a- 
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the transmittitog circuit to the receiving circuit via a switch, circuit, and 
input mto the low-noise sunplifier 266 via a bandpass filter 252 handling 
the receiving signal of GSM850. Also, when coromunications are carried 
out by CrSM850, the receiving signal of GSM850 firom the antenna is input 

5 into the amplifier 265 via a bandpass filter 25 1 handling the transmitting 
signal of GSM900. In any case, the communications quality is 
deteriorated. 
[0008] 

Thus, the present invention has been carried out to sole at least one 
10 of these problenB. Accordingly, the first object of the present invention is 
to provide an unbalanced-balanced multiband diplexer circuit with 
suppressed increase in insertion loss, and the second object of the present 
invention is to provide a balanced-unbalanced muliiband diplexer circuit, 
which m an applicatioii to access systems using extremely close frequency 
15 bands, permits a high-frequency signal in one access system to p^ while 
cutting a high-frequency signal in the other access system. 
[0009] 

Means for solving the Problemis 

ITie first embodiment of the present invention is a muitiband 
20 diplexer circuit comprising: 

a jSrst single-pQle-dnal-thrpugh switch; 

a first unbalancded-input-balanced-output bandpass filter connected 
to a first output port of the first switch; 

a second unbalaiu;ded-input-balanced-output bandpass filter 
25 connected to a second output port of the s^tch; 

a second dual-pole-single-through switch connected to one of 
balanced output ports of the first bandpass filter and one of balanced output 
ports of the second bandpass filter, 

•9- 
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a third dud-pole-^mgle^lirough switch coimected to the other of 
bEdanced output ports of tiie first bandpass filter and tfee pther of balanced 
output port of the second pass band filter; 

the first to third high-firequency switches being switched depending on a 
$ passing Mgh-jBrequency signal, 

whereby an unbalanced high-frequeney sigaal input into the firet 
switch is output from the output ports of the second and thiid switches bs a 
balanced high fi:«qiiency signal 
[0010] 

IP In this embodiment, the first and second band filteis have differeut 

transmitting frequency bands to each other. 
(001 1] 

the second embodiment pf flie present inyetitjon is a niultiband 
diplexer circuit comprismg: 
16 a first unbalanced-inpat-bakQCi^d-oulput bandpasB filter; 

a second unbalanced-input-balanced-output bandpass filter having a 
different transmitting frequency band from the first bandp^s filter; 

a first phase shifter connected to an unbalanced input port of the 
first banspass filter; 

20 a second phase shifter connected to an unbalanced input port of the 

second banspass filter; 

a third phase shifter coimected to one jof balanced output ports of 
the first banspass filter; 

a fourth phase shifter connected to the other of balanced output 
25 ports of the fnst banspass filter; 

a fifiii phase shifter connected to one of balanced oulput ports of the 
second banspass filter; 

a sixth phase shifter connected to the other of balanced output ports 

■10- 
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of the isecond banspass filter; 

connecting in parallel on? of the phase shift^s cotmect@cl to the first 
bandpass filter and one of tbe phase shifters connected to the second 
bandpass filter so as to connect to a first output port; 
5 conuecting in parallel the other of the phase shifters connected to the first 
bandpass filter and the other of the phase shiftei? connected to the second 
bandpass filter so as to connect to a second output port, 
connecting in parallel the first and second phase shifters so as to connect to 
an input port, 

10 connecting the first, third and fourth phase shifters to the first bandpass 
filter so that impedance is high in the transmitting frequency band of the 
second bandpass filter, and 

connecting the second, fifUi and six. phase shiftegrs to tiie second banc^ass 
filter so that impedance is high m ttie transnaitting frequency band of the 
1& first bandpass filtex» 

wherdjy an unbalanced high-frequency signal input into an input 
port is output fi-om the first and second output ports as a balanced 
high-frequency signal, 
[0012] 

20 The third embodiment of the present invention is a multiband 

diplexer chxiuit con^i^rising: 

a first single-pole-dual'through switch; 

a first unbalanced-input-balanced-output bandpass filter connected 
to a first output port of tiie first switch; 
25 a second unbalanced-input-balanced-output bandpass filter 

connected to a second oulput port of the switch; 

a third phase shifter connected to one of babnced output ports of 
the first banspass filter, 

-11- 
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a forth phase shifter connected to the other of balanced output ports 
of Uie first ban^ass filter, 

a fiflh phase shifter connected to one of balanced output ports of the 
gecondbanspass filter, 
5 a sixth phase shifter connected to the other of balanced output ports 

of the second bansp^s filter, 

connecting in paiallel one of the phase shi^s connected to the fii^t 
bandpass filter and one of the phase shifters connected to the second 
bandpass filter so as to connect to a first output port, 

10 connecting in parallel the other of the phase shi fted connected to the finst 
bandpass filter and tiie other of the phase shifters connected to the second 
bandpass filter so as to connect to a second output port, 
connecting the lAaxd and fourth phase shifters to the first bandpass filter so 
Ijiat impedance is high in the transnujting frequency band of the second 

15 bandpass filter, 

connecting the fifth and sixth phase shifts to the second bandpass filter so 
that impedance is high in the transnjitttng frequency band of the first 
bandpass filter, and 

the first switch being switched depending on a passing high-firequency 
20 signal, 

whereby m unbalanced high-fi^quency signal input into the first 
switch is output from the second output port as a balanced high-frequency 
signal. 
[0013] 

25 The [third] fourth embodiment of the present invention is a 

multiband diplexer circuit conqjrising: 

a first unbalanced-input-balanoed-output bandpass filter; 
a second unbalanced-input-balanced-output bandpass filter having a 
-12- 
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different transmitting ftipquency hwad from the first bandpass filter; 

a first phase shifter connected to an mbalwiced-mpnt port of the 
first bandpass filter; 

a second phase shifter connected to an nnbalgnced-input port of the 
5 second bandpass filter, 

a second dual-pole-single-through switch connected to cme of 
balmced-onQjut ports of Ac first bandpass filter and one of 
balanced-output portei of the second bandpass filter; 

a third dual-pole-smgle-tibirough switch connected to the other of 
10 balanced-output ports of the first bandpass filter and the other of 
balanced-output ports of the second bandpass filter; 
connecting in parallel the first and second phase shifters so as to connect to 
said input portj 

connecting said second phase shifter to the second bandpass filter so that 
IS impedance is high in the transmitting ftequ^cy band of the first bandpass 
filter, and 

the second and third switches being switched depending on a passing 
high-frequency signal, 

whereby an unbalanced high-fi-equency signal input into an input 
20 port is oirtput firom tiie second and third output ports as a balanced 
high-fi-equency signal. 
[0014] 

In the first to fourth embodiments, the fnist and second 

unbalanced-balanced bandpass filters have dilSFerent input impedance Zi 
m and output impedance Zo, and the output inqiedance Zo is preferably larger 
ihm the input impedance Zi, Also, although the bandpass filter may be 
constituted by an LC circuit, it is preferably a SAW (surface acoustic wave) 
filter. 

-13- 
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[0015] 

nie fifth embotUineat of the present invention :i§ a multiband 
(Jjplexer circuit, wliereMi at least part of the multiband ctipilexer circuit 
recited in the first to fouith embodiments is constituted by electrode 

5 patterns formed on ceramic substrates and bandpass filters either mounted 
on cerainie substrates or formed by electrode patterns on the ceramic 
substotes . In this multiband diplexer circuit, other high-frequency parte 
except for the multiband diplexer circuit such m a high-firequency switch in 
the antenna top, filters, amplifiers, etc., may also be formed integrally in 

10 the ceramic substrates. 
[0016] 

Hie sixth embodiment of the present invention is a multiband 
mobile phone comprising a high-frequency circuit comprising any one of 
the first to fourth embodiments, 
15 [0017] 

Mode for carrying out the Invention 
(Example 1) 

Fig. 1 shows one embodiment as to a multiband diplexer circuit 1 of 
the present invention. His multiband diplexer circuit comprises a first 
20 shigie-pole-dual-through switoh 10a at an input port, a first 

unbalanced-input-balaiiced-output ban<^ass filter 20a connected to a first 

ouiput port 100b of the first switch 10a, a second 
unbalanced-input-balaneed-ou^ut bandpass filter 2Gb connected to a 
second output port 100c of the first switch 1 Oa, a second 
25 duai-^pole-single-throu^ switch lOb connected to one of balanced output 
ports 120c of the first bandpass filter 20a and one of balanced output ports 
120b of the second bandpass filter 20a, and a third dual-pole-singie-through 
switch lOc connected to the other of balanced output ports 1 lOb of said 
■14' 
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first bandpass filter 20a and the other of batouaced output ports 11 Ob of said 
second pass band filter. 

In Mb embodiment, the bandpass filters 20a, 20b are constilwted by 
unbalanced-balanced SAW filtears. The unbalanced-balanced SAW filter 

5 has an impedance conversion function and a balance-unbalance converaioii 
function. The adjustment of the crassing width, arrangement md 
coupling of electrode fingers makes it have different input and output 
impedances and conduct balance-unbalaace conversion* 

The second and third Mgh-fi-equency switcbes connected to the 

10 balanced ports are constituted to have substantially the same characteristic 
kapodmcQ as the output impedance of the SAW filters for matching. To 
adjust tihe degree of balancing (balance characteristics) of a balanced signal 
input into or output firam the balanced ports, an inductance element may be 
connected between the balanced ports, 

15 [0018] 

Figs. 9-13 show examples of the equivalent circuits of the first to 
tliird high-frequency switches 10a, 10b, and 10c. 

A switch circuit shown in Fig. 9 is a single-pole-duai-through 
switch comprising a transnussion line and a diode as main components. 
20 Specifically, this switch circuit comprises a transnussion line LSI between 
a contact point l(X)a and a contact point 100c, and a diode DDI and a 
DC-cutting capacitor CSl between the contact point 100c of the 
transmission line LSI and a ground. A control port VCl is provided 
between tbe diode DD 1 and the DC-cutting capacitor CS 1 . The capacitor 
25 CSl constitutes a series resonance circuit with an inductance component 
during the operation of the diode DDI , so that it is in a short-circuited state 
during the operation of the diode DD 1 . This switch circuit farther 
comprise a diode DD2 series-eomiected to the diode DDI via the 
-15- 
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transraission line LS I betweeai the contact point 100a and tbie contact point 
100b, and a Ijigh-frequettey choke coil LS2 between the contact point 100b 
and the ground. The high-frequency choke coil LS2 may be a 
high-impedance line constituted by a transmi^ion line. The diodes DD 1 , 

B DD2 are turned ON or OFF by a control voltage supplied firom the control 
port VCl, to switch connection between the coiitact point 100a and A© 
contact point 100b, and between the contact point 100a and the contact 
point 100c. Incidentallyi each contact point 100a, 100b, 100c is properly 
provided with a PC-c»tHng capacitor. 

10 [0019] 

Figs. 10 and 1 1 show exaoq)les of other switch circuits. As 
compared with the above, these circuits are dijfferent from the former in . 
having a transmissitm line 1^3 in place of the diode T)D2 . Although the 
contact point 1 00b is connected with the bandpass filter 20a or the 

15 bandpass Jfilter 20b, the traosmission line LS3 is used 9S a phase shifter and 
the length thereof is allowed to be high impedance in the transmitting 
frequency bands of the other bandpass filter. This shifter functions, when 
viewed the contact point 100b from the contact point 100a, to ^ow the 
in5>edance includir^ the bandpass filter to be a substantially open state 

20 (high impedance), thereby adjusting a phase-shifting angle. Thus, in this 
high-frequency switch, the diode DP2 can be omitted, resulting in decrease 
in power consumption in the diplexer circuit, and the eiimination of the 
transmission loss of the diode DD2. As the other switch circuits, a GaAs 
FET may be used as shown in Figs, 12 and 1 3, thereby enabling various 

25 cireuits having pluralities of series-connected GaAs FETs. 
10020] 

The first to third high-frequency switches 20a-20c are properly 
switched depending on high-frequency signals that should pass, whereby 
-16- 
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an irabalaiiced Mgh-fequency signal input into the first switch 2Qa is 
output from the output ports 1 30a and 150a of tiie second md third 
switches as a balanced high frequency signal. In this embodiment, 
excellent isolation characteristics are obtained between the bandpass filters 
5 by ^h high-frequency switch, theareby substantially preventing the 
high-frequency signal from leaking to the other circuit 
[0021] 
(Exeunple 2) 

Fig. 2 shows a circuit block of another embodunent as to a 
10 multibattd diplexer ciremt 1 of the p«ssent invention. This multiband 
diplexCT circuit cowipriscs 

a first unbalsBiced-input-balanced-ou^ut bjuidpass filter 20a, 
a second unbalanced-input-balaaiced-output bandpass filter 20b 
having a different transmitting frequency band from &e first bandpass filter 
15 20a; 

a first phase shifter 40a connected to an unbalanced input port of 
said first banspass filter 20a, 

a second phase shifter 40b connected to an unbalanced input port of 
the second banspass filter 20b, 
20 a third phase shifter 50a connected to one of balanced output ports 

11 Ob of the first banspass filter 20a, 

a fourth phase shifior 50b connected to the other of balanced output 
ports 110c of the first banspass filter 20a, 

a fifth phase shifter 60a connected to one of balanced output ports 
25 of said second banspass filter 20b, 

a sixth phase shifter 60b connected to the other of balanced output 
porte of the second banspass filter 20b, 

connecting in parallel one of the phase shifters 50b connected to the first 

•17' 
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bandpass filter 20a smd one of the phase shifters 60a connected to the 
second bandpass filter 20b so as to connect to a first ou^ut port 170a, 
connecting in parallel the other of the phase shifters 50a comiected to the 
first bandpass filter 20a and Uie other of the phase shifters 60b conaegted to 
5 the second bandpass filter 20b so as to connect to a second output port 1 60a, 
and connecting in parallel the first and second phase shifters so 9s to 
connect to the input port 18(te, 
[0022] 

Each phase shifter possesses the same ftmctions as those explained 
IQ in the previous ejmmple, whereby the impedance of a circuit including the 
bandp^s filter i« substantially open (high impedance), and can be 
constituted by transimssion Imes. As described above, the first, third and 
fourth phase shifters are connected to the first bandpass filter to provide 
high impedance in apassband of the second bandpass filter, and the second, 
1 5 fifth and sixth phase shifters axe connected to Ihfi second bandpass filter to 
provide high impedance in a passband of the first bandpass filter, thereby 
dividing the high-frequency signals, so that a unbalanced high-firequency 
signal input into an input port is output firom the fitrst and second outputs as 
a balanced high-frequency signal. 
20 [0023] 

Fig. 3 shows a cirtaiit block of still another embodiment as to a 
multiband diplexer circuit 1 of the present invention. This multiband 
diplexer circuit comprises 

a first single-pole-dual-through switch 10a, 
25 a first unbalanced-input-balanced-output bandpa$s filter 20a 

coimected to a first output port 100b of the first switch 10a, 

a second unbalaaced-ii^-balanced-output bandpass filter 20b 
coimected to a second output port 100 of file first switch lOa, 

■18- 
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a third phase shifter 50a connected to one of balanced output ports 
lOOb of the first banspass filter 20a, 

a fourth phase shifter 50b connected to the other of balanced output 
ports 100c of the first bai^pass ^ter 2Qa, 
5 a fiflii phase shifter 60a connected to one of balanced output ports 

1 20b of the second banspass filter 20b, 

a sixth phase shifter 60b connected to the other of balanced output 
porte 1 20c of the second banspass filter 20b, 

connecting in parallel one of ihe phase shifters 50b connected to the first 
10 banc^^s filter 20a and one of the phase shifieisi 60a connected to the 
second bandpass filter 20b so as to connect to a first output port 170a, 
connecting in p^lel the other of the phase shifters 50a connected to tiie 
first bandpass filter 20a and the other of the phase shifters 60b connected to 
the seepnd bandpass filter ZOb so as to connect to a second output port 
15 160a, 

connecting the third and fourth phase shifters 50a, 50b to the first brndpass 
filter 20a so tijat impedance is high in the transmitting ftecfuency band of 
the second bandpass filter 20b, 

connecting the fifth and sixth phase shifters 60a, 60b to the second 
20 bandpass filter 20b so that inqjedance is high in the transmitting frequency 
band of ttie first bandpass filter 20a, and 

the first switoh 10a being switched depending on a passing high-frequency 
signal, whereby an unbalanced high-jSrcquency signal iiiput into ftie first 
switch is output from the fnst and second output ports 1 70a, 1 60a as a 
25 balanced high-frequency signal. 

Becanse each circnit element has the same ftmction as in the above 
embodiments, its explanation will be omitted. In this embodiment, too, 
because isolation is secured between the bandpass filters by the 
•19- 



2006 12/2S 14; 47 FAX 03 5228 6515 TAKAISBI AJJl) ASSOCIATES -» SUGHRUE 1(9024/036 

Japanese Patent Application No. 2002-310876 

high-frequency switches and the phase shifters, it is possible to 
substantially prevent the leak of a high-frequency siipial j&om the other 
circuit. 
[0024] 

5 Fig. 4 shows a circuit block of still another embodiment as to a 

multiband dipiexer circuit 1 of the present invention. This multiband 
diplexa: circuit comprises a multiband dipiexer circuit ooraprising; 
a first unbalanced-input-baianced-output bfflidpass filter 20a, 
a second imbalahced-input-balanced'Output bandpass filter 20b 
10 having a different transmitting frequency band from the fiist bsmdpass filter 
20a, 

a first phase shifter 40a connected to an unbalanced-input port 110a 
of the first bandpass filter 40a, 

a second phase shi^ 40b connected to an unbalanced-input port 
16 120a of tije second bandpass filter 20b, 

a second dual-pole-single-tlM'ough switch 10b connected to one of 
balanced-output ports 1 10a of the first bandpass filter 20a and one of 
balanced-output pcffts 120b of llie second bandpass filter 20b, 

a thiod dual-pole-single-^through switch 10c connected to the odier 
20 of balanced-oulput ports 1 10b of the first bandpass filter 20a and the other 
of balanced-output ports 120e of the second bandpass filter 20b, 
connecting in parallel the first and second phase shifters 40a, 40b so as to 
connect to £uj ir^ut port 1 80a, 

connecting the first phase shifter 40a to the first bandpass filter 20a so that 
25 impedance is high in the transmitting frequency band of the second 
bandpass filter 20b, 

connecting the second phase shifter 40b to the second bandpass filter 20b 
so that impedance is high m the transmitting frequency band of the first 

-20- 
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bandpass filter 20a, and 

the second and ifeird switches 10b, 10c being switched depending on a 
passing high-frequency signal, 

whereby an unbalanced high-frequency signal input into an input 
5 port 1 80a is output from the second and third output ports 1 70a, 1 60a as a 
balanced high-frequency si^al. 

Because each circuit element has the same function as in the above 
enabodiments, its explanation will be omitted. In this embodiment, too, 
becaiL^e isolation can be secured between the banc^ass filters by the 
10 switches, it is pc^sible to substantially prevent the leak of a high-frequency 
signal from the other circuit. 
[0025] 

Fig. 5 shows a circuit block as to a multiband mobile phone 
con:?)rising a high-frequency circuit comprising the multibmd diplexer 
15 circuit comprising still another embodiment of the present invention. 

This high-frequency circuit can be used for four different access 
systems of different transmitting/receiving frequencies, GSM850, GSM900, 
DCS 1 BOO jand PCS, as shown in Table 1, and the multiband diplexer circuit 
1 is used in the teceiving circuit side of an SP5T (Single Pole 5 Throw) 
20 switch shown m Fig.6. 



-21- 
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[0026] 



Table 1 



Communications 
Systems 


Transmitting Signal 
Frequency Tx 


Receiving Signal 
Frequency Rx 


GSM850 


824-849 MHz 


869-894 MHz 


GSM900 


880-915 MHz 


925-960 MHz 


DCS! 800 


1710-1785 MHz 


1805-1880 MHz 


PCS 


1850-1910 MHz 


193D-1990MHZ 



[0027] 

The SP5T switch comprises six input/oulput terminals; 
a port 5 lOf connected to an antenna ANT, 

a port 5 10a for inputting ihe tiansmitling signals of GSM85G and GSM900, 

a port 5 10b for inputting the transmitting signals of DCS l 800 and PCS, 

a port 510e for outputting the receiving signals of GSM850 and GSM900, 

a port 5 1 Oc for o^itputting the receivmg signal of DCSl 800, and 

a port 5 lOd for outputting the receiving signal of PCS, 

a diplexer circuit 550 comprising a lowpass filter for passing the 

high-frequency signals of GSM850 and GSM900 and a highpass filter for 

passing flie high-frequency signals of DCS1800 and PCS, 

a switch 560 comociod lo the lowpass filtar for switching the connection 

between the transmitting circuits of GSMS50 md GSM900 and the 

receiving circuits, 

a switch 570 connected to the highpass filter for switching the connection 
between the transmitting circuits of 1 800 and PCS and the receiving 
circuits, and 

a switch 580 connected to the switch 570 for switching the connection 
between the receiving circuit of 1 800 and the receiving circuit of PCS, 
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[0028] 

The transmitting signal of GSM 850 or GSM 900 is sent to the 
antenna via the switch 560, part thereof is leaked to the terminal 5 1 Oe. 
The leaked high-frequency signal is cutby the rauMband diplexer circuit, 

5 thereby preventing it from flowing into RF-IC350 coniprising a low-jjoise 
amplifier. The receiving signal of GSM850 or GSM900 from the antenna 
is deprived of spurious components (noises) such as sideband waves, etc. 
by the bandpass filter, and input into RF-IC350 as an impedance-changed 
balanced signal . Accordingly, the communications quality of mobile 

10 phones is not deteriorated. The circuit block shown in Fig. 5 teaches that 
ttue muitiband diplexer circuit cm be applicable to triple-band mobile 
phones of GSM850 / DCSl 800 / PCS or GSM9G0 / DCS1800 /PCS, or the 
like. 
[0029] 

15 in the preset invention, transmission lines and c^acitors 

constituting phase shifter, switches 9nd bandpass filters may be mounted on 
circuit substrates as chip parte, but may be fotmed as a sintered laminate 
(made of dielectric ceramic materials) produced by printing a conductive 
paste of a low-resistivity material such as Ag, Cu, etc. on a green sheet to 

20 fonn a predetermined electrode pattern, and integraliy laminating 
pluralities of green sheets and sintering them. 

Diodes, FETs and band filters in SAW filteis are mounted on the 
co-amic substrates sinterable at low teinperatures, and, accordingly, at that 
time they are preferably in a bare state md may be sealed with a resin or 

25 tube, they can be preferably made small. Thus, tJie multiband diplexer 
circuit can be preferably made small by forming in a laimnate of ceramic 
substrates. Of course, other switches, an^lifiere, etc. can be mounted to 
the laniinate substrate, 

-23- 
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The dielectric materials sinterable at low ten^atures, may be, for 
instance, materials comprising AI2O3 as a main component, and at least one 
selected from tiie group consisting of SiOj, SrO, CaO, PbO, Na^O and K2O 
as an additional component, or cpinprising AI2O3 as a main component, and 

5 at least one selected fronj the group consisting of MgO, S1O2 mi OdO as 
an additional eoirq)oneiit. Also, using an HTCC (high-tenaperatiwe co&ed 
ceramics) tecbnology, transmission lines, etc. maybe formed by 
high-melting-point metals such as tungsten, molybdenum, etc, on Al^Oj 
ceramic substrates. 

10 [0030] 

In the embpdimenls mentioned above, detailed explanation on the 
unbalanced-balanced multiband diplexer circuit is made for easy 
description. The effects of the present invention is not changed even 
though the tenninal PI is changed to [an unbalanced] a balanced port as - 
15 well as the terminal P2 is changed to [a balanced port] an unbalanced port, 
and a balanced-unbaUuftced multiband diplexer circuit is also within die 
technical scope of the present invention. The balanced-unbalanced 
multiband diplexer circuit as such is used in Uie transmitting circuit side in 
the mobile phones. 

20 Although the embodiments of the present invention explain about 

the multiband diplexer circuit in an application thereof to two different 
access systems, it is possible either to change the switch in the diplexer 
circuit to a SP3T switch or to allow Hie multiband diplexer circuit to 
correspond to three or more of different acc^s systems based on the 

25 technical idea of the present invention. 
[0031] 

Effects of the invention 

According to the present invention, it is possible to provide the 

-24- 
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Tinbalanced-balanced nmltiband diplexer circuit which suppresses increase 
in msertion loss, and in communications or access s)^tems utilizing 
extremely close frequeiicy bands, it permits higjh-ftequency sipials in the 
operated commiinicationg or access systems to pass whfle cutting 
6 high-frequency signals in tjie other cotmnumcations or access system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a multibEHjd diplexer circuit of 
one embodiment of the present invention; 
10 Fig. 2 K a block diaj^am showing a nmltiband diplexer circuit of 

anoth^ embodiment of the present invention; 

Fig. 3 is a block diagram showing a multiband diplexer circuit of 
still another embodiment of the present invention; 

Fig. 4 is a block diagram showing a multiband diplexer circuit of 
15 still another embodiment of the present invention; 

Fig. 5 is a block diagram showing a bigh-ftequency circuit for 
multiband mobile phones, which comprises a multiband diplexer circuit of 
the present invention; 

Fig. 6 is a block diagram showing an SP5T switch used in dje 
20 multiband mobile phone; 

Fig. 7 is a block diagiaro showing a conventional two-frequency 
diplexer; 

Fig. 8 is a block diagram showing a high-frequency circuit for 
multiband mobile phones comprising a conventional two-firequency 
25 diplexer circuit; 

Fig. 9 is an equivalent circuit of ttie switch used in the multiband 
diplexer circuit of the present invention; 

Fig. 10 is another equivalent circuit of the switch used in the 

-as- 
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muitiband diplexer circuit of tbe present ioveiitioii; 

Fig, 1 1 is still another equivalent ciicmt of the switch used in the 
muitiband chplexea: circint of the present invention; and 

Fig, 12 is still aCLOthr equivalent circuit of the switch used in the 
5 muitiband diplexer circuit of the present inventi^^ 

Explanation of symbols and numerals 

1: Muitiband Diplexer Circuit 
10 10a, 10b, 1 Oc, 264, 310, 560, 570 and 580: Switch; 

20a, 20b, 220, 240, 230, 250, 251, 252, 253, 280 and 290: Bandpass Filter; 

40a, 40b, 50a, 50b, 60a, 60b, 70a, 70b, 254, 255, 256, 257, 258, 259, 260 

and 261: Phase Shifter; 

200 and 267: Oscillator; 
15 210; Frequency Multiplier; 

250a, 250b, 265 jaxid 266: Amplifier Circuit; and 

268: Mixer Circuit 
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ABSTRACT 

Problems to be solved: 

To provide aa unbalatLced-balanced multiband d^lexer circuit witij 
5 suppressed iactease in inserticm loss. 
Solution: 

A multiband diplexer circuit comprising, a singlerpole-dual-tJirough 
switch, a first unbalemcded-input-balanced-oulput baodpass filter connected 
to a first output port of the first switch, a second 

10 unbalancded-input-balanced-output bandpass filter connected to a second 
output port of the switch, a second dual-pole-single-through switch 
connected to one of balanced output ports of ttie first bandpass filter and 
one of balanced output ports of the second bandpass filter, a third 
duai-pole-single-lhrough switch connected to the other of balanced output 

J5 ports of the first bandpass filter and the other of bdanced output ports of 
the second pass band filter, the first to third high-fi-equency switches beinjg 
switched depending on a passing high-fi:equency signal, whereby an 
unbalanced high-fietpjency signal input into the first switch is output from 
the oulput ports of the second and third switches as a balanced high 

20 frequency signal, 

Selected Drawings: Fig, 1 



25 
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Fig. 5 
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